Holstein cows (n =46) were fed free choice a silage mixture balanced weekly throughout lactation using 13 and 36% CP grains to individualize CP for each cow; grains contained 15 and 20% of istillers grains with solubles, respectively. Cows were blocked by parity (1 vs. >1) and assigned at calving to receive a commercial bypass protein-fat supplement at 0 (control) or 6% of weekly projected 4% FCM yield throughout lactation. In peak lactation, supplementation raised dietary fat from 4.3 to 6.0% of DM, NEL from 1.64 to 1.70 McaVkg of DM, and undegradable protein from 42 to 47% of CP and contributed about 25 and 20% of total CP in early and late lactation. Supplement reduced forage and total DMI significantly, which negated the potential nutritional value of the supplement. Reduction in protein content of milk from supplemented cows was small but significant; BW and yields of milk, SCM, and 4% FCM were not significantly affected by treatment. Supplementation increased fat test in parity 1 cows and lowered it in older cows. In wk 5 to 8, 21 to 24, and 37 to 40 postpartum, cows consumed 100 to 116% of the NRC recommendations of undegradable protein but only 65 to 94% of degradable CP needs; NEL intake generally was adequate except for primiparous cows in early lactation. Supplementation lowered
INTRODUCTION
Rations for high milk yield (>35 kg/d) should contain supplemental fat (2, 12) to facilitate high NEL content while maintaining adequate fiber intake for milk fat synthesis. Saturated fats, such as tallow, or rumenprotected forms, such as Ca soaps of longchain fatty acids. are particularly useful because of their minimal effects on rumen microbial activity (12) . Nevertheless, so-called bypass fat may reduce DMI (14) sufficiently to offset the difference in NEL between added fat and the concentrate that it replaces. Increasing dietary fat from 5.1 to 6.3% by substitution of distillers dried grains with solubles for corn meal (6) in a ration containing 12.8% cottonseed increased DMI in early lactation, but ration CP and rumen-undegradable protein intake (RUPI) increased concomitantly. Thus, interactions of fat with other nutritive entities must be considered.
Chalupa et al. (2) concluded that, for high milk yield, ration CP should be 37% RUPI when no supplemental fat is added and that diets with more than 3% fat should contain more RUPI than recommended by the NRC (11). Work of Holter et a1. (9) in which cows were supplemented with corn gluten meal to increase ration RUPI suggested that AA adequacy throughout lactation is more important than undegradable protein balance. Schwab (RenPlus-65®; Moyer Packing Co., Souderton, PA), Ca soap of palm oil fatty acids (Megalac®; Church and Dwight Co., Inc., Princeton, NJ) plus tallow, roasted soybeans, com gluten meal, wheat feed flour, minerals, and vitamins. BioPlus® contained .67 and 1.5% of Met and Lys, respectively, and .36 and .81 % of bypass Met and Lys (11), respectively, in DM. The composite sample contained (in DM): 2.91 % Ca, 1.13% P, .39% Mg, 1.35% K; 476 ppm of Fe, 124 ppm of Zn, 12 ppm of Cu, 31 ppm of Mn, 2.1 ppm of Mo, and 1.13 ppm of S; RUPI was determined to be 53.8% of CPo Rations were reformulated and adjusted weekly using the University of New Hampshire Dairy Ration Balancer (10) ; the daily allocation of grains and protein-fat supplement was recomputed weekly based on weekly projected 4% FCM. Projections were computed from standard 4% FCM curves, and milk yields and fat tests were taken from monthly DHI records and from standard BW curves (10) ; BW measurements, although taken every 2 wk, were used only every 2 mo for ration balancing. Until the first milk fat test, a 20% CP grain mixture (a blend of the two grains) was fed at 1 kg/2.5 kg of the previous day's milk. Treatment (protein-fat supplement or none) continued throughout lactation; supplement was top-dressed on forage twice daily, and feeding rate averaged about (15) provided and summarized evidence that duodenal flow of Lys, Met, or both may limit the yield or percentage of milk protein of dairy cows, particularly those fed diets predominately of com plant origin. Feed ingredients cited (15) as having particularly high potential for rumen-escape Lys were blood meal, meat meal, fish meal, meat plus bone meal, and heat-treated whole soybeans. Ingredients with high rumen-escape Met included com gluten meal, fish meal, meat meal, and distillers grains with solubles.
Our objective was to examine the response of dairy cows to lowered dietary CP (by 2 percentage units) and supplementation throughout lactation with BioPlus~, a commercial product (Blue Seal Feeds, Inc., Lawrence, MA) containing blood meal, meat meal, meat plus bone meal, fish meal, feather meal, poultry fat, Ca salts of palm oil fatty acids, heated soybeans, tallow, com gluten meal, wheat feed flour (for pelletability), minerals, and vitamins.
MATERIALS AND METHODS
Holstein cows (n = 46, 20 primiparous) were blocked by parity (1 vs. >1) and assigned randomly at calving to receive BioPlus® at 0 or 6% of projected 4% FCM throughout lactation; this supplementation rate approximated the supplier's recommendation. All cows were offered a forage mixture of 63% corn silage and 37% wilted grass silage DM [for ad libitum intake (>12% orts)]; com silage contained about .1 % of urea (wet basis) added at ensiling. Cows were fed twice daily at 0600 and 1500 h and were housed in a conventional tiestall barn with individual feed mangers (American Calan, Inc., Northwood, NH) and waterers. All cows were exercised daily for 1 h and milked twice daily (Jarmaster®; Alfa Laval, Inc., Kansas City, MO). Two grain mixtures (Table 1 ) with 13.4 and 36.3% CP in DM (Table 2 ) contained predominantly corn meal and soybean meal, respectively, and were blended for individual cows to meet NRC (11) CP and NEL recommendations. However, the ration of individual cows receiving BioPlus® was formulated to contain 2 percentage units less CP in DM than controls to take advantage of the benefits (15) (Table 2) ; however, the supplement composite from 14-d samplings was analyzed in duplicate, as for feeds, and for fat content by acid hydrolysis (O'Neal Scientific Services, St. Louis, MO). Cows were weighed biweekly at 1400 h, and health and reproductive performance were monitored.
Lactation, BW, and DMI data were summarized by 28-d periods postpartum and then combined into complete lactations before least squares ANOVA using SAS (13) . The experiment was a randomized complete block design; main effects were treatment and parity category and their interaction. To obtain least squares period means for plotting, we used a model with cows within treatment by parity as error term for treatment, parity, and their interaction; for period (split plot in time) and its two-and three-way interactions, residual was used as error term.
Outcome means for periods 2, 6, and 10 were used to compute actual dietary adequacy according to the NRC (11) based on observed characteristics and intakes of feedstuffs and observed cow BW and yield performance. Consequently, the results from these calculations were not analyzed statistically.
RESULTS AND DISCUSSION
The C:P con~ents of the protein-fat suppleme~t (BIOPlus ) and the 36% CP grain for which supplement generally was substituted were simil.ar (Table 2 ). Careful study of weekly weIghts of supplement and grains of individual treated cows (data not tabulated herein) indicated that substitution of supplement for 36% CP soybean meal-based grain generally was 90% at 40 kgld of milk, increased to 100% at 45 to 60 kg/d of milk, but decreased to 15% at 20 kgld of milk at 240 OIM and later. Over all weeks of lactation for treated cows, substitution of supplement was 55% for 36% CP grain and 45% for 13% CP gr~n. Thus, dietary CP was not 2 percentage umts lower for treated than for control cows as intended b~t, rather, averaged 1.7 and .6 percentage umts lower for the treated cows in early and late lactation, respectively.
Based on difference in fat content of orts of su~plemented and control cows (Table 2) , we estlmated that about 90% of the supplement offered was consumed; Holter et al. (8) previously found that ether extract and acid hydrolysis fat did not differ when both methods were used to analyze orts from cows fed Ca soaps. Thus, orts from the supplement apparently were not proportionally higher than orts from the total ration (presented later). Ratio of bypass Lys:Met in the supplement was computed to be 2.25: 1 compared with the more ideal 3.2: 1 suggested by Schwab (15) .
Lactational performance (Table 3 ) indicated no significant effect of protein-fat supplement (treatment), except that treated cows consumed less (P < .01) forage OM per day and therefore less (P < .03) total OM per day than controls, and protein content in milk of treated cows was slightly lower (P < .10) as well. Reduced OMI for diets containing Ca soap has been reported (7) , and Waltz et al. (17) (3, 8) . Although effects of treatment by parity in our experiment were not significant, the depression of milk protein content for cows fed the protein-fat supplement was of possible economic importance only for pluriparous cows. Perhaps the supplemented RUPI offset the adverse effect of supplemented fat (16) more in primiparous than in older cows. Lactation length was shorter (Table 3) for pluriparous control cows than for those receiving supplement, which might have given control cows a slight advantage in mean daily milk yield; total lactation milk yield was 5.8% higher for treated pluriparous cows than for controls. Percentage of grain in DMI was similar between treatments and was 50% for primiparous and 45% for pluriparous cows.
Temporal changes in BW ( Figure 1 ) generally were parallel within parity between treatments. Interactions involving period (not shown) were not significant; however, cows receiving the supplement in both parities tended to lose more BW than controls from period 1 to 2, and supplemented parity 1 cows gained less BW (24 vs. 53 kg of gain) than controls from period 1 to 10. Gains were similar in treated and control (24 vs. 26 kg) multiparous cows. Because of growth, primiparous cows fed the control diet gained more BW (53 vs. 26 kg) during lactation than their pluriparous counterparts, as expected. Figure 1 provided no evidence that supplemented cows partitioned ingested energy away from milk synthesis and into body tissue.
Forage DMI, as percentage of BW ( Figure  2 ), was lower for supplemented cows than for controls; although treatment by period by parity interaction (not shown) was not significant (P > .6), forage intake depression on the supplemented diet tended to be more consistent throughout lactation for primiparous than for pluriparous cows. This difference was reflected in corresponding total DMI. for which treatment by period by parity interaction was significant (P < .04), although treatment effect was not significant (P > yields were lower for supplemented cows during the fIrst three 28-d periods of lactation (Figure 3) , and the resulting lower grain allocation should have permitted higher forage DM! at that time, but this was not the case. However, in late lactation, yields of milk ( Figure 3) and FCM (not shown) of supplemented pluriparous cows exceeded that of controls, and total OM! also was higher. This observation supports the well-accepted fInding (10) that energy output (FCM) drives DM!. These data suggest that some component or components of the protein-fat supplement or the reduction in rumen-degradable protein intake (RDPI) caused by reducing dietary CP and partially replacing RDPI with RUPI depressed ration intake in very early lactation and thereby prevented a normal abrupt increase in FCM output. Differences in BW between treatments apparently did not affect milk yield, because lactation curves (not shown) for daily milk per unit of BW·75 were similar to those illustrated in Figure 3 .
To examine more closely the effects of the supplemented bypass protein-fat product on nutritional adequacy (11), means in Table 4 were computed for periods 2 ( 
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... ,'" . . 2Rumen-undegradable protein intake and AA composition of grain components from NRC (I I).
3Nonfiber carbohydrate = 100 -(CP + NDF + fat + ash).
'Based on observed intakes, computed (I I) RUPI of 46.6 and 32.0% of CP for 13.4 and 36.3% CP grains, respectively, and observed RUPI (I) of 53.8,56, and 30% of CP for BioPlus®, com silage, and grass silage, respectively.
Rumen-degradable protein intake (I I).
(wk 21 to 24), and 10 (wk 37 to 40) postpartum by treatment within parity. (Table 4 ) was below 100% during period 2 as expected, generally was lower for primiparous cows than for older ones, and was less for supplemented than for control primiparous cows in early lactation. In the latter case, supplemental energy apparently compensated for the reduced total DMI, which, however, was not significant (P > .10) on a lactational basis. Nevertheless, DMI was about 5 or 6% less for supplemented than for control cows, regardless of parity, during mid (period 6) and late (period 10) lactation. In early lactation, the reduction of DMI in supplemented versus control cows was 9% in parity 1 cows and 14% in older cows. Dietary fat content was 38 and 40% higher for supplemented than for control cows in parity 1 versus >1 during period 2, and the ratio of forage intake:fat (not shown) was lower in period 2 than in subsequent periods, particularly for pluriparous cows. Because 32% of supplemented fat was unprotected (tallow and poultry fat), we cannot rule out the possibility that the reduction in DMI might be attributable to the effect of unprotected fat on fiber digestion (3). Growth allowances (10) of NEL and CP, linearly increasing from 70 to 308 DIM by amounts appropriate for cumulative maternal BW gain of 34 kg, were added to maintenance and milk requirements of primiparous cows with BW <567 kg (periods 6 and lO, Table 4 ). Treatment differences in NEL adequacy during period 10 may be attributable to somewhat lower BW and maintenance needs of the supplemented cows; for primiparous supplemented cows, a larger proportion of cows received growth allowance because of their lower BW.
The recommendations of the NRC (11) for total CP of lactating dairy cows are based on more research than the recommendations for RUPI and RDPI, and the sum of RUPI and RDPI usually is lower than suggested CP intake, particularly at higher milk yields. Required CP in dietary DM (Table 4 ) generally tended to be higher for cows receiving the protein-fat supplement because their DMI always was somewhat lower than controls. Adequacy of CP intake usually was below 100% and was less for supplemented than for control cows, particularly in early and midlactation and especially for primiparous cows. However, producers often are told that they can reduce dietary CP when high quality bypass protein versus lower quality supplements are fed and that they can achieve comparable or superior results in milk yield. This statement requires qualifications that, on each dairy, the ratio of RUPI:RDPI of each feed component be known and that rations be balanced in all respects to the individual cow's needs.
Apparently, no close relationship existed between CP adequacy (Table 4 ) and milk or FCM yields of supplemented versus control cows in various stages of lactation and parities. The lower CP adequacy of supplemented than of control cows apparently was related to their lower DMI and to the intentional reduction of .6 to 1.7 percentage units in CP during ration formulation.
Ration content of RUPI (Table 4) was 100% adequate or more in all categories and tended to be more excessive in supplemented than in control cows, especially as lactation progressed; this hyperadequacy of RUPI occurred at a time when NE L and nonfiber carbohydrate apparently were not limiting but did not significantly increase daily milk yield, total lactational yield, or percentage of milk protein (Table 3 ). This result supports the conclusion of Holter et at. (9) RUPI Lys adequacy and milk yields later in lactation or for primiparous cows. Except for early lactation pluriparous cows, RDPI inadequacy, with its well-accepted adverse effect on rumen microbial fiber digestion and resulting decrease in DMI, apparently was primarily responsible for the reduced (P < .15) daily milk yield (Table 3) ; this effect may have been intensified by our lowering of dietary CP in the diet of supplemented cows, thereby increasing undegradability of the protein in the diet (46.6 vs. 32,0% for 13.4 vs. 36.3% CP grains) and decreasing RUPI Lys content of CP (1.2 vs. 1.7 for 13.4 vs. 36.3% CP grains).
Reproductive efficiency (Table 5) and SCC (Table 6) were not analyzed statistically because of limited observations. Overall services per conception did not differ greatly between treatments. Percentage of cows conceiving to first or second AI tended to be higher (71 vs. 50%) for supplemented cows; this difference might have resulted from the higher number of control cows that did not conceive after several AI (management decision) or from lower RDPI by supplemented cows. Over the total lactation, mean SCC of monthly milk samples (Table 6 ) indicated that the percentage of supplemented cows with scores <2 was lower and that the percentage of cows with >4 was higher than for control. This difference could not be explained by milk yield. Nevertheless, SCC were satisfactorily low for cows on both treatments.
measures more definitive than RUPI are necessary to balance ration protein but does not support the recommendation of Chalupa et al. (2) that, as dietary fat increases from 3 to 8% of DM, RUPI should increase from 37 to 49% of total protein. Erasmus et al. (5) suggested that the AA profile of duodenal digesta can be influenced significantly by supplementary RUPI sources only when these sources contribute about 50% or more of dietary CP, about double that in our experiment or typical dietary CP (15 to 33%) (5) in dairy cattle diets. If this suggestion were true, attempts to improve milk and protein yields of dairy cows by improving the AA profile of absorbable AA would be futile. Estimated adequacy of RDPI, however, was less than suggested by the NRC (11) in all categories and was less adequate for supplemented than for control cows regardless of parity. This factor might have resulted in inadequate N substrate in the rumen to support maximal microbial growth and activity. Reduced microbial activity would be expected to reduce fiber digestibility (not measured), to reduce DMI, and to result in some depression in fat test; however, fat depression was not evident from lactation means ( Table 3) . Diets of supplemented cows generally were slightly higher in nonfiber carbohydrates than diets of controls, presumably because of lower forage DMI (Table 3) , and the ratio of RDPI to nonfiber carbohydrates always was lower for the supplemented cows.
For periods 2, 6, and 10 (Table 4) , the Lys and Met (11) contributed by grain mixtures plus supplement were computed. In period 2, supplement was substituted primarily for 36% CP grain in which soybean meal contributed 48.7% of the DM and 69.5% of the CP and contained 3.24% Lys despite its low RUPI [28% of CP; (15)]. Consequently (Table 4) , supplemented parity I cows consumed only 87, 89, and 107% as much nonforage RUPI Lys as controls in periods 2, 6, and 10, respectively. Corresponding percentages for older (parity >1) cows were 79, 107, and 112, respectively. Supplementation generally improved intakes of nonforage RUPI Met as lactation progressed beyond period 2. Inadequacy of RUPI Lys probably contributed to the reduced milk and FCM yields of pluriparous cows in early lactation (period 2), but the relationship was not clear between apparent 2Ten primiparous cows per treatment.
CONCLUSIONS
Cows receiving com-based diets were supplemented throughout complete lactations with rumen-protected fatty acids and animal fat (2: 1, wt/wt) to increase dietary fat in early lactation from 4.3 to 6.0% and in late lactation from 3.8 or 4.0% to 5.1 or 5.3%; supplemental plus basal dietary fat equaled 92 to 110% of milk fat yields. Supplemental fatty acid and fat were accompanied by high quality, rumenundegradable proteins to raise dietary RUPI from 41 or 42% to 47% of total CP, and these supplemental protein sources enriched the RUPI in Lys and Met. We found evidence to reject the suggestion of Chalupa et al. (2) that RUPI should increase from 37 to 49% of CP as dietary fat increases from 3 to 8% of dietary DM. Ad libitum DMI was reduced by 9 to 14% in early lactation and by 5 to 6% in later lactation in cows fed supplemented compared with control diets. Dietary nonfiber carbohydrate was 42 to 43% of DMI in early lactation and declined to about 39% for parity 1 cows and to 35% for pluriparous cows in late lactation. Ration RUPI exceeded NRC (11) guidelines, but RDPI was deficient (66 to 94% of NRC). Compared with controls, supplemented cows yielded 1.6 to 1.7 kg/d less milk (not significant; P > .10) with about the same fat content but lower protein percentage (.05 to .11 percentage units; P < .10). Forage intake during the total lactation was lower (.7 to .9 kgld of DM) in supplemented cows, but differences in concentrate intake were not significant. Potential positive effects of supplementation with rumen bypass fatty acids and fat and appropriate high quality RUPI sources can be negated if they result in even modest reduction in ad libitum DMI or result in a deficiency of RDPI. We also doubt that RDPI-RUPI adjustments will allow producers to reduce the total amount of protein fed to lactating dairy cows and, thereby, to reduce feed cost and N contamination of the environment.
